Understanding the behaviour of highly radiotoxic, long half-life radionuclide neptunium in 17 the environment is important for the management of radioactively contaminated land and the 18
Introduction 32
Internationally, deep geological disposal is being considered as the long-term management 33 and disposal option for higher activity radioactive wastes (HAW). A fundamental knowledge 34 of reactions between radionuclides and geomedia is essential to underpin the safety case for 35 geodisposal. Neptunium is a key risk-driving radionuclide in HAW due to its long half life 36 Experiments were prepared to allow direct determination of Np speciation and local 131 coordination environment in sediments under different geochemical conditions using X-ray 132 Absorption Spectroscopy (XAS). Here, the elevated concentration of Np required for direct 133 spectroscopic characterisation (0.2 mM Np(V) as NpO2 + in 0.07 M HCl) was added to 134 microcosms containing 1g of sediment and 10 ml of groundwater that were poised at oxic, 135 nitrate-, Mn-, Fe(III)-, and sulfate-reducing conditions, respectively. After Np(V) addition, 136 the microcosms were left to incubate for 1 week in the dark at 7 ºC prior to geochemical 137 sampling and subsequent freezing at -80 ºC. Two additional Mn-reducing systems were also 138 established where sediments had been enhanced with the addition of 2 mM MnO2: (i) 0.2 139 mM NpO2
+ was added to an oxic microcosm that was then left to progress to Mn-reducing measurements from a Zr foil were recorded for energy calibration. XANES data were 151 collected for all samples and EXAFS data were collected for selected samples. Background 152 subtraction, data normalisation and fitting to EXAFS spectra were performed using the 153 software packages Athena and Artemis. The XANES edge-jump was tied to unity. Modeling 154 of the EXAFS data in k 3 range was completed between 3 and 9.5 -1 . 155
Microbial community analysis 157
Samples from an oxic sediment, and a Mn-reducing sample were taken from both low Np 158 (20 Bq ml -1 ; 3.2 M) and high Np (1.3 kBq ml -1 ; 0.2 mM) microcosms and analysis 159 performed using PCR-based 16S rRNA gene analysis. 
